Mechanical thrombectomy using the stent retriever has been proven to be effective for select patients with acute ischemic stroke. We evaluated our early experience using the device after its approval in 2014 in Japan, with a special emphasis on the occlusion site. Fifty consecutive endovascular revascularization procedures for treating anterior acute large vessel occlusion were performed using the Trevo ProVue as the first-line device at our institute between April 2015 and March 2016. Focusing on the involvement of the M1-M2 bifurcation with deployment or retrieval of the stent retriever, we regarded the middle cerebral artery M1 mid-portion as the boundary and divided the cases into proximal (n = 26) and distal (n = 24) groups. We assessed the overall clinical outcome and compared the outcome between the two groups. Among 50 patients (median age, 80 years; National Institutes of Health Stroke Scale score (NIHSS) score, 20), successful (modified Thrombolysis in Cerebral Infarction score (TICI) 2b or 3) or complete revascularization (TICI 3) was achieved in 41 patients (82%; 88% in the proximal group vs 75% in the distal group, P = 0.28) and in 27 patients (54%; 73% vs 33%, P = 0.01), respectively. Symptomatic intracranial hemorrhage occurred in three patients (6%; 4% vs 8%, P = 0.60). A good outcome (mRS score 0 to 2) was obtained in 25 patients at 90 days (50%; 54% vs 46%, P = 0.78). Mechanical thrombectomy using the Trevo ProVue was safe and effective in patients with acute cerebral artery occlusion, especially for proximal occlusions. The efficacy of the procedure for distal occlusions was somewhat inferior to those for proximal occlusions, which might be resolved by next generation devices.
Introduction
recent randomized controlled trials (rCTs) have established a clinical benefit of mechanical thrombectomy for adequately selected patients with acute cerebral artery occlusion in the anterior circulation. [1] [2] [3] [4] [5] These studies all used the stent retriever as the main device, which was considered to be one reason for the procedure's clinical benefit. In Japan, the stent retriever was approved for use in performing mechanical thrombectomy in July 2014. Two types of stent retriever device were approved: the Trevo ProVue (Stryker, Kalamazoo, mI) and the Solitaire-Fr (eV3/Covidien, Irvine, Ca). although a large number of patients treated by endovascular revascularization before the approval of mechanical thrombectomy has been reported, there have been few reports of mechanical thrombectomy using the stent retriever in the real-world setting in Japan. 6) In major studies including rCTs, the target vessels were mainly proximal artery occlusions. There are limited reports concerning mechanical thrombectomy using the stent retriever for distal artery occlusions, such as the m2 portion of the middle cerebral artery (mCa). [7] [8] [9] achieving satisfactory revascularization of small caliber and highly tortuous distal Neurol Med Chir (Tokyo) 57, March, 2017 vessels using the stent retriever might be difficult and there is a potential risk of complications such as subarachnoid hemorrhage. even for distal m1 occlusions, the stent retriever is usually deployed from the m2 with the stent retriever flexed, which could result in insufficient expansion of the stent strut or could cause straightening of the frail curve of the m1-m2 bifurcation. Therefore, problems, such as insufficient expansion of the stent strut or the straightening of the vessels, may occur in deployment and retrieval of the stent retriever near or through the m1-m2 bifurcation. For this reason, a novel technique or device that overcomes these barriers is needed. Conversely, there seems to be no technical difference in the deployment or retrieval of the stent retriever between the occlusions of the proximal m1 and the terminus of the internal carotid artery (ICa) that involves the robust curve of the m1-IC bifurcation.
There were two goals for this study. First, we sought to report our early experiences with using the Trevo ProVue stent retriever in Japan for mechanical thrombectomy in 50 consecutive patients with acute anterior cerebral artery occlusions after its approval in Japan. we also assessed whether the efficacy and safety of mechanical thrombectomy using the stent retriever differed depending on the involvement of the m1-m2 bifurcation with deployment or retrieval of the stent retriever.
Materials and Methods

Patient selection
between april 2015 and march 2016 at our institute, 50 consecutive endovascular revascularizations were performed to treat acute cerebral artery occlusion in the anterior circulation. The target vessels included acute large vessel occlusions in the anterior circulation, including the ICa as well as the m1 and m2 portion of the mCa. our selection criteria for patients receiving endovascular revascularization included any neurological deficit and <8 h from symptom onset when known or <24 h from the time the patient was last seen to be well for those when the time of symptom onset was unknown. There were no restrictions on age of the patient as the inclusion criteria. both computed tomography (CT) and magnetic resonance imaging (mrI) were performed immediately after admission. Patients with a score of ≥6 for the alberta Stroke Program early Computed Tomography Score (aSPeCTS) or on aSPeCTS-diffusion weighted imaging (DwI) were candidates for endovascular revascularization. Intravenous tissue plasminogen activator (IV tPa) was administered according to the Japanese Guidelines for the management of Stroke. 10) In cases treated by IV tPa, endovascular treatment was performed if a subsequent diagnostic angiography did not show recanalization after the initiation of IV tPa. Informed consent was obtained from each patient or family member before administering IV tPa and performing the endovascular procedure.
Endovascular procedures
all procedures were performed with minimal conscious sedation (dexmedetomidine or pentazocine). The Trevo ProVue stent retriever, which is a one-size stent retriever, was used as the first-line device for performing mechanical thrombectomy. The standard endovascular procedures performed at our institute were as follows. an intravenous heparin bolus (2000 to 5000 u) was given to elevate the activated clotting time to the range of 1.5-to 2.5-fold above baseline values. a nine French balloon guide catheter was navigated into the ICa via transfemoral access. a Trevo Pro18mC microcatheter with a Transend-eX ST microguidewire (both from Stryker), which was shaped to a J shape taking care not to perforate the vessel, was navigated into the portion distal to the occluded site crossing the clot. Simultaneous angiography from the guiding catheter and the microcatheter was performed to determine the length of the clot. The Trevo ProVue stent retriever was deployed using the "Push and Fluff technique". 11) For a short clot lesion with vascular tortuosity, the Trevo stent retriever was deployed using the "half-Trevo technique," our novel technique for deployment. This technique involves the least amount of deployment that is sufficient to cover the clot with the purpose of minimizing damage to the vessel (Fig. 1) . If a maximum of three passes of the Trevo device failed to revascularize the vessel, additional endovascular procedures, including percutaneous transluminal angioplasty (PTa), aspiration by Penumbra catheter (Penumbra Inc., alameda, Ca), mechanical disruption with a microcatheter and microguidewire, and intra-arterial thrombolysis using urokinase, were attempted. when extracranial ICa stenosis was confirmed, and there was difficulty with crossing the devices for mechanical thrombectomy, carotid artery stenting (CaS) was performed before mechanical thrombectomy. Just after the procedure, an 8Fr angio-Seal (St. Jude medical, Inc., Saint Paul, mn) was used for hemostasis at the femoral artery puncture site in all cases. The heparin was not reversed with protamine except in the case of the patients with intracranial hemorrhage on post-procedural CT.
Postoperative treatment
Just after the endovascular procedures, intravenous anticoagulation therapy was not performed except in patients that were treated by additional stenting for carotid stenosis or intracranial artery stenosis, or had demonstrated the least acute ischemic infarction on diffusion weighted imaging (DwI) upon admission. after assessment of hemorrhagic changes on CT and infarction on DwI the next day, oral anticoagulants were given for cardiogenic embolism if there were no hemorrhagic changes without massive infarction. For atherosclerotic lesions, most of which were treated with PTa or CaS, oral antiplatelets were given.
Outcome assessment
Successful recanalization was defined as modified Thrombolysis in Cerebral Infarction score (TICI) 2b or 3. a good outcome was defined as a modified rankin Scale score (mrS) of 0 to 2 at 90 days. routine postprocedural imaging included CT immediately and at 24 h after treatment and mrI at 24 h and 7 days after treatment. Symptomatic intracranial hemorrhage was defined as subarachnoid hemorrhage or intracerebral hemorrhage combined with an increased national Institutes of health Stroke Scale score (nIhSS) of ≥4 points from baseline within 24 h of treatment.
Comparison of the occluded site
we hypothesized that there are technical problems in the deployment or retrieval of the stent retriever while treating distal artery occlusions near or through the m1-m2 bifurcation compared to more proximal occlusions. To assess whether the effectiveness and safety of mechanical thrombectomy differ depending on the involvement of the m1-m2 bifurcation, we defined the m1 mid-portion as the midpoint of the sphenoidal segment (m1) of the mCa from the carotid bifurcation to the genu at the limen insula described by Krayenbühl et al., and regarded it as the boundary between the proximal and distal portions and divided the cases into a proximal group (intracranial ICa, and proximal m1) and a distal group (distal m1, and m2). 12) we compared the outcome between the two groups.
Statistical analysis
Descriptive statistics are presented as the median with interquartile range (IQr), and were compared using welch's two-sample t-test for continuous variables and wilcoxon rank sum test for discrete variables. The proportion of patients with each parameter was compared using Fisher's exact test. Probability values of P < 0.05 were considered to be statistically significant. Statistical analysis was performed with free open-source software (r3.1.1; r Foundation for Statistical Computing; http://www.r-project.org).
Results
Preprocedural findings
The baseline characteristics of the 50 patients analyzed in this study (24 men, 26 women; median Table 1 . Good activity (mrS 0-2) before onset was confirmed in 45 patients (90%). The median baseline nIhSS was 20 and aSPeCTS was 8. The median time from onset or last known well time to admission was 143 min. nine patients (18%) received IV tPa before undergoing endovascular procedures. The occlusion sites were intracranial ICa in 13 (26%), proximal m1 in 13 (26%), distal m1 in eight (16%), and m2 in 16 (32%) patients. among 13 patients with the intracranial ICa occlusion, 11 patients had occlusions in the ICa terminus involving the proximal mCa, and the remaining two patients had occlusions in the pure distal ICa from the cavernous to supraclinoid segment.
an intracranial proximal artery occlusion (proximal group) was observed in 26 patients (52%) and the remaining 24 patients (48%) were diagnosed with Neurol Med Chir (Tokyo) 57, March, 2017 a distal artery occlusion (distal group). There was no significant difference in baseline characteristics between the proximal and distal groups except for the baseline nIhSS (22 in the proximal group vs 12 in the distal group, P = 0.003). although not statistically significant, there were fewer patients who had good activity (mrS 0-2) before onset in the proximal group compared with the distal group (81% in the proximal group vs 100% in the distal group, P = 0.051).
Endovascular procedures
endovascular procedures are summarized in Table 1 . CaS was performed in a total of two patients (4%): before the intracranial procedure in a patient and after the intracranial procedure in the other patient. The Trevo device was used in 48 patients (96%), but not in patients in whom navigation of the microcatheter was difficult or in those with an aneurysm proximal to the occluded site. The median number of total passes of the Trevo device was two. an intracranial procedure other than the Trevo device was needed in 23 patients (46%). Successful revascularization (TICI 2b or 3) was achieved in 41 patients (82%). Complete revascularization (TICI 3) was achieved in 27 patients (54%). The median time from a groin puncture to successful revascularization was 41 min. The median procedure time from groin puncture to sheath removal was 66 min. Distal embolism during the procedure occurred in six patients (12%). Symptomatic intracranial hemorrhage occurred in three patients (6%). There was only one (2%) complication associated with the femoral artery puncture. one patient presented with severe retroperitoneal hemorrhage on the next day after the procedure and required blood transfusion.
There were significant differences in the results of the endovascular treatment between the proximal and distal groups in relation to the median procedure time, additional endovascular procedures, deployment with the "half-Trevo technique", and the rate of complete revascularization (TICI 3). The median procedure time from groin puncture to sheath removal was 54 min in the proximal group and 81 min in the distal group (P = 0.010). additional intracranial procedures beyond the Trevo device were needed in eight patients (31%) in the proximal group and in 15 patients (63%) in the distal group (P = 0.046). In the proximal group, PTa and aspiration by Penumbra were the frequent additional procedures and used in four patients (15%) and three patients (12%), respectively. In the distal group, mechanical disruption, PTa, and intra-arterial thrombolysis using urokinase were the frequent additional procedures and used in six patients (25%), in five patients (21%), and five patients (21%), respectively. The Trevo was deployed using the "half-Trevo technique" in three patients (12%) in the proximal group and in 11 patients (46%) in the distal group (P = 0.011). Complete revascularization (TICI 3) was achieved in 19 patients (73%) in the proximal group and eight patients (33%) in the distal group (P = 0.010). Conversely, there were no significant differences between the proximal and distal groups in terms of the rate of successful revascularization (TICI 2b or 3) (88% vs 75%, respectively, P = 0.28) and symptomatic intracranial hemorrhage (4% vs 8%, respectively, P = 0.60).
Outcomes
at 90 days after treatment, the median mrS was three (IQr, 1-4) in all 50 patients. a good outcome (mrS 0 to 2) was obtained in 25 patients (50%) and two patients (4%) had died (mrS 6). There was no significant difference between the proximal and distal groups in terms of good outcome (54% vs 46%, respectively, P = 0.78) or death (8% vs 0%, respectively, P = 0.49).
Discussion
This study analyzed our early experience in Japan of performing mechanical thrombectomy using the Trevo ProVue stent retriever. In doing so, it revealed that the procedure was effective and safe for patients with acute ischemic stroke caused by anterior large vessel occlusion. For distal occlusions, however, the efficacy of the device in achieving complete recanalization was inferior to the efficacy of the device used for treating proximal occlusions.
In this study, the rate of successful revascularization (TICI 2b or 3) was 82%, the rate of symptomatic intracranial hemorrhage was 6%, and a good outcome (mrS 0 to 2) was obtained in 50% of all patients. These results are comparable with those of recent rCTs ( Table 2) . [1] [2] [3] [4] [5] In a reflection of real-world practice outside rCTs, the median age of the patients in the present study was considerably higher than those in the rCTs, and baseline nIhSS and aSPeCTS in the present study were slightly worse than those in the rCTs. The proportions of specific occluded sites in our study were almost similar to those in the rCTs, but the proportion of m2 occlusion was higher in our study. The rate of IV tPa in our study was considerably low (18%) compared with the rCTs. Time from onset to groin puncture, time from onset to revascularization, and the rate of symptomatic intracranial hemorrhage in the present study were comparable with those in the rCTs. In general, the results of our early experience using the stent retriever after its approval in Japan appear to be acceptable and comparable with those in recent rCTs.
In previous major studies including rCTs, the targets were mainly proximal artery occlusions. The highly effective reperfusion evaluated in multiple endovascular Stroke Trials (hermeS) collaboration, a recent meta-analysis of pooled data from five rCTs (mr CLean, eSCaPe, eXTenD-Ia, SwIFT-PrIme, and reVaSCaT), reported that the treatment effect favoring endovascular thrombectomy over control was most obvious in the patients with ICa occlusions and was also obvious in the patients with m1 occlusions; on the other hand, the effect was not obvious in the patients with m2 occlusions although these trails included only a small number of the patients with m2 occlusions. 13) In accordance with the results of the hermeS, the current study showed that mechanical thrombectomy could contribute greatly to the outcome of the patients with the proximal occlusions because 54% of the patients with ICa and proximal m1 occlusions had reached a good outcome (mrS score 0 to 2) at 90 days despite of their higher baseline nIhSS scores. There were only three case series of mechanical thrombectomy using the stent retriever for m2 occlusion, involving more than 50 patients. [7] [8] [9] These case series reported that the rate of successful revascularization (TICI 2b or 3) was 77% to 82% and the rate of symptomatic intracranial hemorrhage was 0% to 9% for m2 occlusion, which were comparable with the results for m1 occlusion in each study.
however, problems with the deployment and retrieval of the stent retriever near or through the m1-m2 bifurcation may occur. For this reason, a novel technique or device that overcomes these barriers is needed. The use of the stent retriever near or through the frail curve of the m1-m2 bifurcation could result in insufficient expansion of the stent strut or the straightening of the vessels, which might produce unfavorable results, such as losing the retrieved clot and subarachnoid hemorrhage. In the current study, we regarded distal m1 occlusions as the same entity as m2 occlusions because the stent retriever is usually deployed from the m2 in treating the distal m1 occlusion and might have similar problems associated with the m1-m2 bifurcation. Conversely, there seems to be no technical difference in the use of the stent retriever between the occlusions of the proximal m1 and the terminalis of the ICa that involves the robust curve of the m1-IC bifurcation. Therefore, we divided the cases into the proximal and distal groups according to the involvement of the m1-m2 bifurcation with the deployment or retrieval of the stent retriever, and evaluated the difference between the groups. we found significant differences in the rates of complete recanalization (73% in the proximal group vs 33% in the distal group, P = 0.010), additional endovascular procedures (31% vs 63%, P = 0.046), and the procedural time from groin puncture to sheath removal (54 min vs 81 min, P = 0.010) between the groups. The rates of good outcome at 90 days after treatment were similar between the groups; however, the device's efficacy for treating distal occlusions was considered to be somewhat inferior since the rate of patients with good activity before onset in the proximal group was less than that in the distal group, although the difference did not reach statistical significance (81% in the proximal group vs 100% in the distal group, P = 0.051). moreover, proximal m1 occlusions originally had an unfavorable anatomical factor that they usually involved the lenticulostriate perforators, contrary distal m1 occlusions. 14) The reason why the considerably favorable outcome could be obtained in the proximal group against these disadvantages might be that we could achieve early revascularizations with high rates of complete recanalization and that our classification of the proximal m1 was different from the previous report.
14 ) The reason for the poor results of treating distal occlusions could be technical problems in using the stent retriever near or through the m1-m2 bifurcation, as was suggested in our hypothesis. however, contrary to our hypothesis, there was no significant difference in the rate of the symptomatic hemorrhage between the two groups.
The Trevo ProVue is a closed-cell stent retriever thrombectomy device, which is characterized by fully radiopaque strut that is radially oriented for promotion of clot integration. The Solitaire is the most commonly used stent retriever in the recent rCTs; however, its strut is not radiopaque. we used the Trevo ProVue as the first-line thrombectomy device since the visibility of the strut may contribute to the efficacy and safety in the development and retrieval of the stent retriever. haussen et al. reported that "Push and Fluff technique" utilizing the visibility and design was effective in the clot retrieval. 11) In the current study, we also used our novel technique for deployment, the "half-Trevo technique". This technique involves the least amount of deployment that is sufficient to cover the clot with the purpose of minimizing damage to the vessel for a short clot lesion with vascular tortuosity. The Trevo could be deployed partially because of its cell design and be well visualized (Fig. 1) . This "half-Trevo technique," which enables shortening the length of stent retriever deployment, might contribute to the relief of stress placed on tortuous vessels. however, the Trevo ProVue we used was a one-sized device with a diameter of 4 mm and a length of 20 mm and its diameter might be too large for distal vessels. our results suggest the need for improved devices for distal occlusions to achieve a more satisfactory revascularization. It has been reported that the use of the Trevo XP 3 × 20 mm retriever ("baby Trevo") is feasible for distal artery occlusions. 15) This device has recently been approved in Japan and is expected to be effective for small and tortuous distal vessels.
There are some limitations to this study. First, this study involved a retrospective analysis of a case series containing variable baseline characteristics. Second, the small sample size resulted in lower power for the detection of significant differences between the proximal and distal groups. a further larger scale study is needed to clarify the present insights regarding treating distal occlusions.
Conclusions
our single-center initial experience showed that mechanical thrombectomy using the Trevo ProVue was safe and effective in patients with acute cerebral artery occlusion, especially for proximal occlusions. although safety was guaranteed by careful procedures, such as the least deployment of the stent retriever, the efficacy in treating the distal occlusions was somewhat inferior to those for proximal occlusions, which might be resolved by next generation devices.
